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Precisely this pattern is what 
Welch and Meselson found recently 
when they took a closer look at more 
DNA surrounding the hsp82 locus in 
bdelloids — the same gene that was 
initially assumed to harbour divergent 
‘Meselson effect’ alleles. It turns out 
that the regions around the four copies 
of the hsp82 gene do come in two 
pairs. Between them, the pairs have 
four genes in common and the order 
and orientation of these genes is the 
same in all four regions. This is a clear 
indication that this region must be the 
remnant of an ancient regional or global 
duplication event. Most of the other 
genes in the four hsp82 regions are 
only found in one or the other pair and 
probably reflect site-specific insertions 
or deletions, but, within each pair, gene 
order and orientation is the same, so in 
a way they look just like chromosome 
pairs of sexual diploids that engage 
in meiosis. The nucleotide divergence 
within one pair varies from 0–20% and 
is on average about 7%, which is still 
higher than the average observed in 
other animals.
This indicates that the bdelloids were 
perhaps originally tetraploid and that 
the divergence after the duplication 
may account for the Meselson effect. 
So does this mean that the collinear 
chromosome pairs observed are simple 
meiotic homologues? If not, how come 
they have not diverged much more 
as predicted by the Meselson effect? 
There must be other, non-meiotic 
homogenisers at work, clearly. 
Sex and the lifestyle
The bdelloids’ unusual lifestyle may 
provide an explanation for both the 
Meselson effect and the excess of 
foreign genes, as well as perhaps for 
why they are asexual. When you pick 
up some dry moss and put it in water 
for a while, chances are you will find 
bdelloid rotifers. Their near ubiquity 
in aquatic habitats, even ephemeral 
ones that dry out entirely, is owed to 
the fact that bdelloids are particularly 
hardy when it comes to desiccation. In 
that piece of moss, you’re likely to find 
another type of microscopic animal, a 
little water bear or tardigrade, member 
of a related phylum, which is also highly 
resistant to drought, and some groups 
of which also reproduce asexually. 
This ability to survive waterlessness 
is a unique selling point in ecological 
terms because it allows bdelloids and 
tardigrades to colonise habitats that 
are not readily accessible for other 
animals, which means there will be little 
competition and predation. Notably, 
the ability to survive drought, called 
anhydrobiosis, is often coupled with 
extreme resistance to radiation, which 
in us mortals damages the genetic 
material irreparably. This is true for 
tardigrades, which have been shown 
to even survive exposure to outer 
space conditions and it also holds for 
bdelloids, which are more resistant to 
radiation than any other animal. This 
radiation resistance is also associated 
with desiccation resistance and 
perhaps asexuality, as their sexual 
sisters the monogont rotifers, which 
can survive drought only as eggs, are 
five times less radiation resistant.
Radiation and desiccation both 
damage DNA by inducing double-
strand breaks, and it is very well 
conceivable that the massive 
abundance of such breaks after 
episodes of desiccation might account 
for the bdelloids’ genome being so 
receptive to foreign DNA. In order to 
cope with the damage, the bdelloids 
must have a particularly good repair 
machinery in place. Repair of such 
breaks requires the presence of 
a back-up copy of the affected 
region, so it seems possible that 
despite the presumed lack of meiotic 
recombination in the asexual bdelloids, 
the chromosome pairs are maintained 
in similar states because of frequent 
copying back and forth of genetic 
material during mitotic double-strand 
break repair. Lastly, their ecology may 
even be the reason for their asexual 
lifestyle. When they moisten up and 
encounter a newly wetted habitat, it 
will be advantageous to propagate as 
rapidly and efficiently as possible and 
here the asexual lifestyle may provide 
an essential advantage.
It remains to be seen how many 
of the peculiarities of the bdelloid 
genomes might be common to other 
asexual groups and indeed how many 
more peculiarities there may be. In the 
case of the bdelloids, their ecological 
specialisation may be the key to how 
they can survive without sex. Whether 
or not these asexual groups will provide 
generalisable insights into that old 
chestnut of the benefits of sex remains 
to be seen. In fact, with all the interest 
now directed towards asexuals, who 
knows if not one day they will turn out 
to be fictitious altogether?
Florian Maderspacher is Current Biology’s 
Senior Reviews Editor.The latest compilation by Birdlife 
International on the status of the 
world’s bird populations made for 
much grim reading: many more 
species are in decline than even some 
pessimists had imagined.
Habitat loss appears to be a major 
feature as agriculture intensifies and 
spreads. And many migrating birds 
also appear to be in decline, often for 
unknown reasons.
But a new study suggests one 
reason why some migratory species 
are faring badly; they may not have 
made adjustments to their migration 
timings in the face of climate change 
which is seeing plant and invertebrate 
activity advancing in northern 
latitudes. These events are vital to the 
breeding success of many migrant 
species and they need to time their 
breeding just right: arrive late and they 
may miss out on the peak of food for 
their offspring.
Anders Moller in Paris and his 
European colleagues Diego Rubolini 
and Esa Lehikoinen report in the 
Proceedings of the National Academy 
of Sciences (published online) a study 
of the migration timings of 100 species 
that head north to Europe each spring 
to breed. Researchers working with 
birds are fortunate to have a vast array 
of data from researchers who have 
monitored details of their behaviour, 
timings and numbers for decades.
So Moller and his colleagues were 
able to examine the timing of spring 
migration in these species from data 
stretching back to 1960, looking 
specifically at data from 1970–1990 
and also 1990–2000.
“We predicted that migratory 
bird species that did not anticipate 
timing of spring migration should 
demonstrate declining populations,” 
they wrote, “while taking into account 
several variables previously shown to 
be associated with population trends 
or response to climate change.” 
Among variables potentially affecting 
the timing of response to climate 
change, the researchers considered 
migration distance, intensity of sexual 
selection, and total population size. 
They were concerned that a small 
population size, and thus lack of 
Migratory birds failing to exploit 
changes in climate may be losing out, 
writes Nigel Williams.
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Joan Strassmann is an evolutionary 
biologist who is interested in how 
cooperation prospers in the face of 
evolutionary conflicts. She received 
her BS from The University of 
Michigan in 1974, and her PhD from 
The University of Texas at Austin in 
1979. She has been on the faculty 
of Rice University in Houston Texas 
since 1980, and is currently Harry C. 
and Olga K. Wiess Professor,  
and Department Chair. She has 
worked on social wasps and  
stingless bees where conflict 
and cooperation are expressed 
behaviorally. In collaboration with 
David Queller, she measured genetic 
relatedness within colonies of 
many wasp species, and showed 
that kin selection theory predicts 
the existence and outcome of 
within-family conflicts of interest. 
They pioneered the use of DNA 
microsatellites for relatedness 
estimation, and furthered our 
understanding of these powerful 
markers. In 1998 they began to  
work on Dictyostelium, a genus of 
social amoebae where the evolution 
of social interactions can be 
explored at physiological, genetic, 
and genomic levels. In a series of 
papers they showed the power of 
social evolution theory in explaining 
multicellular organization, from 
developmental pathways to cell 
adhesion, and with collaborators 
have identified over a hundred 
cheater genes. Dictyostelium is 
a powerful new model for social 
evolution with a bright future, 
particularly in the directions 
of experimental evolution and 
genomics.
What turned you on to biology in 
the first place? I was fortunate in 
having an early exposure to nature. I 
imagine anyone who can spend time 
outdoors is highly likely to grow to 
love biology. I had forests, ponds, 
and fields right outside my home, 
and the time to explore them. When 
I was seven, I spent a formative year 
in Mexico and Puerto Rico where I 
got to know deserts, tropical forests, 
Q & Agenetic variation, potentially could 
explain the lack of response to climate 
change.
The researchers found, however, 
that European migratory species with 
declining breeding populations in the 
last decade responded the least to 
recent climate change.
“Our findings have important 
implications for future evaluations of 
conservation status and for attempts 
to manage populations of declining 
species. If migratory bird species do 
not advance their timing of migration, 
they may arrive later relative to the 
phenologically optimal timing of 
reproduction,” they conclude. They 
are particularly hampered by the 
apparent greater ability of plants and 
invertebrates to advance their growth 
and reproduction in the face of rising 
temperatures.
Mis-timing of reproduction results 
in reduced reproductive output, the 
researchers argue. “Therefore, we 
predict that, under current climate 
change scenarios, species with a 
threatened population status and 
declining breeding populations will 
suffer further losses.”
“Overall, our findings indicate 
that factors affecting population 
declines of European bird species 
varied temporally in the second half 
of the twentieth century. Specifically, 
farmland breeding habitat, wintering in 
Africa, and northern breeding latitudes 
were associated with population 
declines during 1970–1990.”
But the researchers found climate-
driven change in spring migration 
timing as the only significant predictor 
of population trends in more recent 
decades.
“Therefore, an important message 
of this study is that factors affecting 
population trends and extinction 
risk of birds appear to be dynamic 
over time, and this fact should be 
taken into account in evaluations of 
conservation priorities for declining 
species.”
Timely: Birds that are not shifting their migration times to match climate changes may be suf-
fering falling numbers. (Photo: Nick Greaves/Alamy.)
